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Improvements in and relating to Boundary Layer Control in / 
H Fluid Conduits 



We The English Electric Company 
Limited, a t'onipanjr registered under 
British Law, of Queen's House, 28, kings- 
way, London, W.C.2, and Leslie Jack 
k Cheshire, a British Subject, ot Willans 
UorU il ugby, do hereby declare the 
nature of this invention to be a3 

f ° TheVnvention relates to boundary layer 
10 control in fluid conduits, and particularly 
to those used in, or in connection with, 
. elastic fluid machines. 

It is well known that where the static 
' pressure of a fluid increases m the direc- 
15 tion of flow, (hereinafter caled advene 
pressure gradient) the thickness of the 
layer of slow moving fluid at a boundary 
tends to increase, and in limiting cases the 
main body of the fluid may leave the sur- 
M face entirely. These effects, directly or 
indirectly, cause a serious loss of total 
pressure in fluid conduits, particularly in 
Wds and curves, or in compressors in 
which there is inherently an adverse pres. 

26 '^K&m of bleeding- slots or 
holes at relevant positions through which 
the boundary -layer fluid is drawn oft is 
known in some cases to effect a great 
80 improvement in maintaining a thin 
boundary layer and an efficient flow 
Such slots or Ebles, however, require such 
a decree of precision in proportioning and 
placing that they are often in practice 
85 ^effective. As they affect the norma 
shape of the surface they may themsehes 
cause disturbances of the flow. 

The invention is concerned with means 
for drawing ott the boundary layer fluid 
40 from the regions of adverse pressure 
gradient without affecting the shape of 
the surface, and makes usefl l i pnrn us 
in ^rt or inserts which mayfpjrmjpart ot 
ITsTationarv conTfirtFoTbT the stationary 
45 an d/ui mUiry ok m on tfroi a machine such 
as a rotary compressor. 

The porous insert may consist oi a 
.iutered metal or alloy, or of a ceramic 
[Price 2/-] 
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mass, or of closely packed fine mesh met 
gauze; its surface conforms with th^ 
the element wherein it is arranged. 

In order to be better understood ami 
readily carried into effect, the invention is 
hereinafter described with reference to the 
accompanying drawings of which: — 

Fig. 1 shows a diagrammatic part view 
nf an axial flow compressor in longitudinal 

sectiou, . , A . tL rt l 

Fig. 2 is a longitudinal section .tnro-.gn 
the impeller and diffuser on a double^ 
entry centrifugal compressor; ' 

Fig. 3 is a part view in section through 
the diffuser jranes of a centrifugal com- 

Pr pig F 4 i 3 a section through vanes which 65 
may be used as stationary guide vanes of a 
cascade of a ducting system or as blades of 
a stationary or rotating blade ring of a 
turbine or compressor; , 7ft 

Fig. 5 is a modified detail of Fig. 1 ; and < » 
Fig. 6 is a cross section through a pair 
of consecutive vanes of a similar kind. 

Referring first to Fig. I, the casing or 
stator 1 of an axial flow compressor com- 
prises a number of stationary vane rings <o 
la to Id, and the rotor 2 comprises corres- 
ponding rings of rotary blades 2a to 2e. 

Between adjacent rings of stator vanes, 
or at least some of them, such as lc and Id. 
there is a porous insert 3 occupying the 
whole or part of the circumference and 
connected by a pipe 4 to a zone of lower 
pressure, which may be the outer atmos- 

P kpre"ferably; the fluid drawn off at 3 is f ed7 85 
back into the system at a zone of lower! 
pressure sueh as a lower stage of the com- 
pressor, say through a pipe 6 and a duct. 
7 issuing between the ring of rotor blades* 
26 and stator vanes 16 as shown or pre- 
ferably immediately in front of the ring 
of rotor blades. , 

According to the alternatives shown m 
Figs 5 and 6 the tapped-off fluid is fed 
back through the trailing edges of stator 
vanes 27, for example by making these 
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vanes hollow (Fig. 6) or providing a bore 
28 in them (Fig. 5) and providing outlets 
2'J over part or the whole of their trailing 
edges (Figs. 5 or 6 respectively). A 
5 plurality of ducts 7 may communicate 
with an annular cavity la in the casing 

1. Alternatively the drawn-off fluid may 
be fed into a lower pressure zone of an 
associated machine, such as another com- 

10 pressor in series flow arrangement. 

It is particularly advantageous to align 
the ducts 7 in. relation to the axis so that 
the fluid issuing from them has a com- 
ponent in the direction of the general 

15 flow of fluid. Cooling of the drawn-oflt 
fluid in a cooler 5 arranged between tne 
tappiug-off zone 3 and the return duct 7 
to the system is of further advantage. 
Likewise, porous inserts 8 may be pro- 

20 vided between all or some adjacent rows 
of rotor blades such as shown between 
ring 2c and 2d. The boundary fluid is 
drawn off through the d uct 2 and a central 
bore 10 in the rotor 2 and dealt with in a 

25 similar way as described with reference 
to the stator, i.e. it may be ducted directlv 
to some previous rotor stage. direction 
<"f <be ''nets where f h.Z" fluid re-emerges 
into the bladed zone conforming as far as 

30 possible to the general direction of flow 
relative to the rotor. This may be accom- 
plished by the use of hollow blades 
through which the fluid is fed radially 
and from which it emerges through slots 

35 in the trailing edge, similar to feeding 
back through the hollow stator vanes as 
shown in Figs. 5 or 6. 

Referring now to Fig. 2, the central or 
hub portion of a centrifugal impeller is 

40 denoted 11, a double entry impeller hav- 
ing vanes 12a, 126 being assumed in Im«t. 

2. However, the invention is applicable 
also to single entry centrifugal impellers. 
The stator or casing 13 has, in the zone 

46 of the biggest adverse pressure gradient 
of the impeller, pockets 14 partly til led 
with porous inserts 15. These porkru 
which may occupy the whole or part of 
the circumference are connected with a 

50 zone of lower pressure substantially a* 



described with reference to Fig. 1. The 
tapped-off fluid may then be fed back in 
a substantially tangentially direction at 
a radius at which the total pressure rela- 
tive to the casing is equal to, or below that 55 
of, the tapped-otf fluid. 

The vortex chamber 16 may be similarly 
equipped with porous inserts 17a, 176 on 
either side, or on one side only. In the 
bend 18' a cascade of vanes may be (30 
arranged as shown in, and described more 
in detail with reference to, Fig. 4. Simi- 
larly, porous inserts 20 may be arranged 
in the diftuser 19, all these inserts beiug 
connected with a low pressure zone sub- 66 
stantially as described. 

Alternatively or additionally to the 
porous inserts 17a, 176, the diftuser vanes 
21 (if any) in the stator outside the 
impeller may be equipped with porous TO 
inserts 22 (Fig. 3) the tack of which is 
connected by transverse ducts 23 to a zone 
of lower pressure substantially ;.s des- 
cribed. 

Referring now to Fig. 4, the vanes 24 76 
are equipped with porous inserts 25 
tapped-off oy transverse bores 26. Such 
vanes may be inserted in an appropriate 
position within the bend 18 of Fig. 2 or 
in any other cascade bend, the arrow A 80 
indicating the direction of flow. Fig. 4 
may, however, be interpreted as illustrat- 
ing the cross section through two consecu- 
tive blades of a ring- of blades, such as 
used in the stator and/ or rotor of an axial 85 
flow compressor, in which case arrow B 
is indicating the circumferential direc- 
tion. This use of the porous inserts tor 
the control of the boundary layer allows 
much higher aerodynamic loading of the 90 
blades without thickening or separation of 
the boundary layer. 

Although the invention is primarily 
coucerned with elastic fluids, it is applic- 
able also to liquids and when similar 95 
effects of increasing thickness of bound- 
arv layer occur with them. 

Dated this 11th day of December, 1940. 
L. B. SHUFFREY, 
Agent for the Applicants. 



COMPLETE SPECIFICATION 

Improvements in and relating to Boundary Layer Control in 

Fluid Conduits 



We, The English Electric Company 
Limited, a Company registered under 

ICO British Law, of Queen's House, 28, Kings- 
way, London, W.C.2, and Leslie Jack 
Cheshire, a British Subject, of Willans 
Works, Rugby, do hereby declare the 
nature of this invention and in what 

106 manner the same is to be performed, to be 
particularly described and ascertained in 
and bv the following statement: — 



The invention relates to boundary layer 
control in fluid conduits used in* or in 
connection with, fluid machines in 1J0 
general, and elastic fluid machines in 
particular. 

It is well known that where the static 
pressure of a fluid increases in the direc- 
tion of flow, ^hereinafter called adverse 115 
pressure gradient) the thickness of the 
layer of slow moving fluid at a boundary 



tends to increase, and in limiting cases 
the main body of the fluid may leave the 
surface entirely. These effects, directly 
or indirectly, cause a serious loss of total 
5 pressure in fluid conduits, particularly in 
bends and curves, or in compressors in 
which there is inherently an adverse pres- 
sure gradient. 

The provision of "bleeding" slots or 

10 holes at relevant positions through which 
the boundary layer fluid is drawn off is 
known in some cases to effect a great 
improvement in maintaining a thin 
Ixmndary layer and an efficient flow. 

15 Such slots or holes, however, require such 
a degree of precision in proportioning and 
placing that they are often in practice 
ineffective. As they affect the normal 
shape of the surface they may themselves 

20 cause disturbances of the flow. 

The invention is concerned with means 
foj^dra wing off the boundary layer fluid 
frQfflL rggions of adVeTan pressure gradien t 
of a conauit without affg fi in g t he shapeo f 

25 the sur face, and makes use of a porous 
insert or~tn"3erts which may form part of 
a stationary conduit or of the stationary 
and^or rotary elements of a machine such 
as a rotary compressor. 

30 The porous insert may consist of any 
porous material such a s a sintered meta l 

or alloy, or qf * f fr™Tn jp, piaaa T or of nloselv 
packepLtLne^mesn. metal gauze, its surface 
conforming with that of HEne element 
35 wherein it is arranged. 

In order to be oetter understood and 
readily carried into effect, the invention 
is hereinafter described with reference to 
the drawings left with the provisional 
specification, of which : — 

Fig. 1 shows a diagrammatic part view 
of an axial flow compressor in longitudi- 
nal section; 

Fig. 2 is a longitudinal section through 
45 the impeller and diffuser of a dun Mi* 
entry centrifugal compressor; 

Fig. 3 is a part view in section th rough 
the diffuser vanes of a centrifugal 
pressor; 

50 Fig. 4 is a section through vanes which 
may oe used as stationary guide vane'* of 
a cascade of a ducting system or as blades 
of a stationary or rotating blade ring of a 
turbine or compressor; 

55 

Fig. 5 is a modified detail of Fig. 1 ; 
and 

Fig. 6 is a cross section through a pair 
of consecutive vanes of a similar kind. 
Referring first to Fig. 1. the casing or 
60 stator 1 of an axial flow compressor com- 
prises a number of stationary vane rings 
la to Id, and the rotor 2 comprises corres- 
ponding rings of rotary blades 2a to 2e. 
Between adjacent rings of stator vanes, 
65 or at least some of them, such as lc and 



Id, there is a porous insert 3 occupying 
the whole or part of the circumference ana 
connected by a, pipe 4, J"0 a zone of lower 
pressure, which may be the outer atmos- 
phere. 70 

Preferably jhe fluid drawn off at 3 is fed 
back int o_thp^iygT Q Tn ru ii^g one o IT low er 

p ressure S l^h a* a lnwpr s t:\ fffTfrf thp mp i- 

gres*or f say throu gh a pipe 6 and a djjgt 
< issuing between the ring of rot or blades 75 
26 and stator vanes 16 as showiToTpreTer^ - 
ably immediately in front of the ring of 
rotor blades. 

According to the alternative shown in 
Figs. 5 and 6 the tapped-aff fluid is fed 80 
back through the trailing edges of stator 
vanes 27, for example by making these 
vanes hollow (Fig. 6) or providing a bore 
28 in them (Fig. 5) and providing outlets . 
2D over part or whole of their trailing 85 
edges ,(Fig. 5 or 6 respectively). A 
plurality of duct3 7 may communicate 
with an annular cavity la in the casing 1. 
Alternatively the drawn-otf fluid may be 
fed into a lower pressure zone of an 90 
associated machine, such as another com- 
pressor in series flow arrangement. 

It is particularly advantageous to align 
the ducts 7 in relation to the axis so that 
the fluid issuing from them has a com- 95 
ponent in the direction of the general flow 
of fluid. Cooling of the drawn -off fl uid 
jn a cooler O arranged ^ hejj geen the_tap- 
ping-oif zone 6 and~the"return "ducfTtft 
rhe sysiem is of further advantage." -100 

Likewise, porous inserts 8 may be pn> 
vided between all or some adjacent rows 
of rotor blades such as shown between 
ring 2c and 2d. The boundary fluid is 
drawn off through the duct 9 and a central 106 
l>o re 10 in the rotor 2 and dealt with in 
u similar way as described with reference 
ru the stator, i.e. it may be ducted directly 
to some previous rotor stage, the direction 
<tf theducts where the fluid re-emerges into 110 
'lie bladed zone conforming as far as" pos- 
sible to the general direction of flow rela- 
tive to the rotor. This "^Y. De a c com- 
plished by the use^of— hftllnw TflTTdf^ 
t hrough wMrl) *hp""7Tii]fj +aA\fy\\y 115 

; uid from whicjLJt. emergent h rough slat* 
in the trailing edge, similar to the feeding 
back through the hollow stator vanes as 
shown in Figsro'or 6. 

Referring now to Fig. 2, the central or 120 
hub portion of a centrifugal impeller is 
denoted 11, a double entry impeller hav- 
ing vanes 12a, 126 being assumed in Fig. 
2. However, the invention is applicable 
also to single entry centrifugal impellers. 12f 
The stator or casing 13 has, in the zone of 
the biggest adverse pressure gradient of 
the impeller, pockets 14 partly filled 
with porous inserts 15. These pockets 
which may occupy the whole or part 130 
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of the circumference are connected 
with a zone of lower pressure sub- 
stantially as described with reference 
to Figr. 1. The tapped-off fluid may then 
5 be fed back in a substantially tangential 
direction at a radius at which the total 
pressure relative to the casing is 
equal to, or below that of, the tapped- 
off fluid. 

10 The vortex chamber 16 may be similarly 
equipped with porous inserts 17a, 176 on 
both sides, or on one side only. * In the 
b end 18 a cascade of vanes may be 
arranged as shown in, and described more 

15 in detail with reference to, Fig. 4. 
Similarly, porous inserts 20 may be 
arranged in the diffuser 19, all these 
inserts being connected with a low pres- 
sure zone or zones substantially as 

20 described. 

Alternatively or additionally to the 
porous inserts 17a, 176, the diffuser vanes 
21 (if any) in the stator outside the 
impeller may be equipped with porous 

25 inserts 22 (Fig. 3) the back of which is 
connected by transverse ducts 23 to a zone 
of lower pressure substantially as des- 
cribed. 

Referring now to Fig. 4, the vanes 24 
80 jare equipped with porous inserts 25 
tapped-off by transverse bores 26. Such 
/ vanes may be inserted in an appropriate 
• position within the bend 18 of Fig. 2 or 
in any other cascade bend, the arrow A 
indicating the direction of flow. Fig. 
4 may, however, be interpreted as illus- 
j trating the cross section through two con- 
: secutive blades of a ring of blades, such as 
! used in the stator and /or rotor of an axial 
4Q flow turbine or compressor, in which case 
. arrow B is indicating the circumferential 
direction. This use of the porous j userta 
fo r thft Mmtrol of the boundar y' Taver 
a llows much high er aerodynamic loading 
4ft of the blades without thickening or sjepu- 
ration of the boundary layer. 

Although the invention is primarily 
concerned with elastic fluids, it is applic- 
able also to iiqufds and wheu similar 
60 effects of increasing thickness of l>ouudary 
layer occur with them. 

We are aware, of the fact that porous 
surface sections have been proposed for 
the drawing-off of boundary layer from 
fijft conduits in the wings or control surfaces 
of aircraft and we Jo not claim such use 
; of porous surface sections, 
i Having now particularly described and 
! ascertained the nature of our said inven- 
6p tion and in what manner the same is to be 
. performed, we declare that what we claim 
! is: — 

1. A fluid conduit in which the bound- 
ary layer fluid is tapped-off from regions 
65 of adverse pressure gradients through a 



porous insert or inserts forming part of the 
wall of the conduit. 

2. A fluid conduit as claimed in Claim 
1 in which the porous insert consists of a 
sintered metal or alloy. 70 

3. A fluid conduit as claimed in Claim 
1 in which the porous insert consists of a 
ceramic mass. 

4. A fluid conduit as claimed in Claim 

1 in which the porous insert consists of 75 
closely packed fine mesh gauze. 

5. A fluid conduit as claimed in any oue 
of the preceding claims in which the 
porous insert forms parts of a stationary 
element of a rotary machine such as a 80 
rotary compressor. 

6. A fluid conduit as claimed in any one 
of the Claims 1 to 4 in which the porous 
insert forms part of a rotary element of a 
rotary machine such as a rotary com- 86 
pressor. 

7. A multi-stage axial flow compressor 
comprising a fluid conduit as claimed in 
Claim 5 in which the porous inserts are 
arranged in the circumferential wall of 90 
the casing between two adjacent rows of 
stationary blades of a high pressure stage. 

8. A multi-stage axial flow compressor 
as claimed in Claim 7 in which the tapped- 
off zone is connected back to the main 95 
fluid conduit at a stage of lower pressure 
than the said high pressure stage. 

9. A multi-stage axial flow compressor 
aggregate comprising a compressor as 
claimed in Claim 7 in which the tapped- 100 
off zone is connected with a stage ot au 
associated machine, such as another com- 
pressor arranged in series flow before t lie 
tapped-off compressor. 

10. A multi-stage axial flow compressor 105 
or compressor aggregate as claimed in 
Claim 8 or Claim 9 in which the tapped- 
off zone is connected with the zone of 
lower pressure through a cooler. 

11. A multi-stage axial flow compressor 110 
or compressor aggregate as claimed in 
Claim 8 or Claim 9 in which the tapped- 
off fluid is returned with an axial How 
component in front of the leading edjjes 

of a row of blades either of the rotor or IK> 
of the stator. 

12. A multi-stage axial flow compressor 
comprising a fluid conduit as claimed in 
Claim 6 in which the porous inserts are 
arranged in the rotor drum between two 120 
adjacent rows of rotor blades of a high 
pressure stage. 

13. A multi-stage axial flow compressor 
as claimed in Claim 6 in which the tapped- 
off zones are connected with a central axial 12b 
bore of the rotor. 

14. A multi-stage axial flow compressor 
or compressor aggregate as claimed in 
Claim 11, Claim 12 or Claim 13. in which 

the tapped-off fluid is returned through 130 
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apertures in the trailing edge of a hollow 
stator or rotor blade. 

15. A radial flow compressor comprising 
a fluid conduit as claimed in Claim 5 in 

^ which the porous inserts are arranged 
opposite that radial part of rotor blades 
where the adverse gradient has its maxi- 
mum range. 

16. A radial flow compressor comprising 
a fluid conduit as claimed in Claim 5 in 
which the porous inserts are arranged in 
the walls of the vortex chamber and /or 
the diiiuser. 

17. A radial flow compressor comprising 
15 a fluid conduit as claimed in (Jlaim 5 in 

which the porous inserts are arranged on 
the convex sides of the diiiuser vanes near 
the diffuser entry. 

18. A radial flow compressor or com- 
•20 Pressor aggregate as claimed in any one 

of the Claims Id to 17 in which the tapped- 
oif fluid is returned to a zone of equal or 
lower pressure, preferably with a radial 
and / or tangential component in the direc- 
25 tion of the general flow, of the same or an 
associated compressor. 

19. A cascade of stationary vanes such 
as a ring of stator blades of an axial flow 
compressor including between themselves 

HQ fluid conduits as claimed in any one of 
the Claims 1 to 4 in which the porous 
inserts are arranged at the convex side of 
the vanes at and / or before the crest ot the 
curve in the direction of flow. 

35 20. A cascade of rotary blades such as a 
row of rotor blades of an axial flow com- 
pressor including between themselves 



fluid conduits as claimed in any one of the . 
Claims 1 to 4 in which the porous inserts 
are arranged on the convex side of the jq 
blades at and/or before the crest of the 
curve in the direction of rotation. 

21. A fluid conduit as claimed in Claim 
1 substantially as described. 

22. A multi-stage axial flow compressor 
as claimed in Claim 7 substantially as 
described with reference to Fig. 1 of the 
drawings left with the provisional speci- 
hcation. 

23. A radial flow compressor as claimed , n 
in Claim 15 substantially as described ° U 
with reference to Fig. 2 of the drawings 
left with the provisional specification. 

24. A cascade of vanes substantially as 
described with reference to Fig. 4 ot the 
drawings left with the provisional speci- 
hcation. 

25. A diiiuser vane of an axial flow 
compressor substantially as described with 
reference to Fig. d of the drawings left fi0 
with the provisional specification. 

2t>. A blade of a multi-stage axial flow 
compressor as claimed in Claim 11, sub- 
stantially as described with reference to 
Fig. 5 of the drawings left with the pro- g* 
visional specification. 

27. A blade of a multi-stage axial flow 
compressor as claimed in Claim 11, sub- 
stantially as described with reference to 
Fig. 6 of the drawings left with the pro- 7§ 
visional specification. 

Dated this oth day of November, 1947 
L. B. SHUFFREY, 
Agent for the Applicants. 
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